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Abstract 
 
The gram-negative bacteria, Janthinobacterium lividum (J.liv) is able to kill the 
pathogenic fungus known as Batrachochytrium dendrobatidis (Bd), which is known to be 
causing massive amphibian decline worldwide. The purpose of this research was to identify the 
ability of the probiotic bacteria, Janthinobacterium lividum (J.liv), to be horizontally transmitted 
from individual to individual and/or pseudo-environmentally transmitted from individual to 
environment and back to individual between Lithobates clamitans (green frog) tadpoles. Based 
on previous findings I hypothesized that pseudo-environmental and horizontal transmission will 
occur in tadpoles. This would be important for helping stop the decline of amphibians because it 
would provide a feasible way to spread this probiotic throughout environments worldwide. The 
experimental design had two treatments and their controls. The first treatment, which tested for 
pseudo-environmental and horizontal transmission, included two tadpoles in a container, 
swimming freely, with only one tadpole inoculated with rifampicin-resistant J.liv. The second 
treatment, which tested for pseudo-environmental transmission, included two tadpoles in a 
container, physically separated by a net, with only one tadpole inoculated with J.liv. There was 
no treatment testing for only horizontal transmission because there is no ways to have tadpoles 
interact with each other without sharing an environment. I also hypothesized that the treatment 
with horizontal and pseudo-environmental transmission would be more successful then the 
treatment with just pseudo-environmental transmission. Tadpoles were swabbed at different time 
points, and plated on rifampicin plates to determine the success of transmission. It was found that 
in both treatments, the tadpoles given the J.liv bath were able to retain J.liv on their skin 
immediately after inoculation but the pseudo-environmental treatment had overall better 
transmission of probiotic from one tadpole to another along with overall retention of J.liv on 
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tadpoles skin. These results suggest that not all individuals have to be inoculated to apply the 
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Introduction 
Amphibians are currently suffering a major extinction crisis, which is threatening up to 
50% of all amphibian species, making them the most threatened vertebrate class on the planet 
(Fisher, 2009, Olsen, 2013). Many factors contribute to this crisis but one of the main causes of 
this threat is due to a pathogenic fungus known as Batrachochytrium dendrobatidis (Bd). Bd has 
been documented to infect over 350 different amphibian species and is thought to cause the 
decline of over 200 of these amphibian species. The primary cause of this decline is due to Bd 
infecting the skin of these species and causing them to develop a fast progressing and fatal 
disease called chytridiomycosis (Fisher, 2009).   
This disease may affect ecosystems through the cascading effect caused by eliminating a 
large fraction of amphibians (La Marca et al. 2005). Such a decline of amphibians may then 
cause any predators of amphibians to decline and any prey to increase, which will then affect 
other organisms as part of the trophic network. An example of this can be noted when 
considering that salamanders can be considered the top predator in North American forests so 
their loss will have major effects in the ecosystem (Conniff, 2014). For this reason, along with 
others, the individual amphibian species should be saved. It is essential that we stop this 
extinction crisis and protect the ecosystems throughout the world. In order to achieve this goal, 
much more research needs to be done about Bd and its interaction with amphibians and the 
environment. 
A new direction of research shows promising effects of probiotic bacteria in curbing Bd. 
Bd growth on amphibian skin can be inhibited by the use of antifungal bacteria such as 
Janthinobacterium lividum (J.liv) by producing at least two compounds that inhibit Bd: indole-3-
carboxaldehyde (MIC=68.9 µM) and violacein (MIC=1.82 µM) (Brucker et al, 2008 a, b).  It is 
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of high interest to find a way to use this bacterium as a probiotic to develop a plausible way of 
reducing the number of Bd infections on amphibians. I explored this using this bacterium and 
applying it to an amphibian population of green frog tadpoles in hope that it can transmit 
throughout this entire amphibian population. 
For this reason, it is crucial to have an understanding of the ability for a probiotic to be 
transmitted from one amphibian to another. If it were found that a protective bacterium could be 
easily transmitted from one amphibian to another, this would lead to an important advance in 
maintaining amphibian species diversity. Transmission among individuals would mean that we 
could apply this probiotic to only a small portion of the amphibian population, and it would 
naturally spread throughout the entire amphibian population resulting in an overall drastic 
decrease in Bd infections.   
One species of amphibian that is not currently experiencing a large decline is Lithobates 
clamitans (green frogs). The green frog tadpoles make an ideal species to test probiotic 
transmission of J.liv on for two reasons. First, they are known to be prevalent carriers of Bd but 
do not usually develop chytridiomycosis (Richards-Hrdlicka, 2013). Second, the use of a non-
declining species for testing is important because we do not want to further disrupt declining 
species and cause increased mortality. Third, a non-susceptible species could be a good vector to 
spread the probiotic to susceptible tadpoles that coexist in the same environment. The successful 
transmission of this probiotic in tadpoles could lead to potential new ways to protect declining 
amphibians in a widespread way. 
There are four different types of bacterial transmission that can generally occur: vertical, 
horizontal, environmental and pseudo-environmental (Bletz et al, 2013, Belden, 2007). Vertical 
transmission is the transfer of bacteria from parent to offspring (Walke et al, 2011). Horizontal 
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transmission is the transfer of bacteria from one organism to another via direct contact. 
Environmental transmission is transfer of bacteria from the environment to an organism (Stewart, 
2005). Pseudo-environmental transmission is the transmission of bacteria from one organism to 
the environment then from the environment to another organism (Bletz et al, 2013). In this 
experiment we will be studying both horizontal and pseudo-environmental transmission. The 
reason for only testing these two modes is that they seem to be the most feasible mode for real 
life application and because there is no ways to have tadpoles interact with each other without 
sharing an environment. Although no studies have been done on horizontal transmission, it is 
probable that this mode of transmission also exists among amphibians (Muletz et al, 2012).  
 
Figure 1. Potential routes of inoculation with natural microbiota. Although these 
routes are shown in the salamander, Hemidactylium scutatum, they probably apply 
for most taxa. Like green frog tadpoles. (a) Horizontal inoculation occurs via contact with conspecifics, especially in 
highly social species, or during mating or aggressive interactions. 
(b) Vertical inoculation occurs when the microbiota is passed down from parents to 
offspring. (c) Environmental inoculation occurs when members of the microbiota are 
obtained directly from the environment. This image is missing pseudo-environmental transmission, which occurs 
when an organism passes the bacteria to the environment then the environment passes on the bacteria to another 
organism. (Belden, L.K. and Harris, R.N. 2007)  
 
I hypothesized that pseudo-environmental and horizontal transmission will occur in 
tadpoles.  I also hypothesized that the treatment with horizontal and pseudo-environmental 
transmission would be more successful then the treatment with just pseudo-environmental 
transmission. I base this hypothesis on unpublished data collected by Will Shoemaker in the 
Harris lab at JMU. This unpublished data refers to a similar experimental design with a low 
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sample size however; the study did show a strong indication of positive results for both modes of 
transmission. These hypotheses also make sense because bacteria are known to be transmitted 
between organisms well in nature and if there are two possible ways for this bacterium to be 
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Methods 
 
There were two different treatments and their respective controls in this experiment. The 
first treatment tested for both pseudo-environmental and horizontal transmission, and included 
two tadpoles per container, swimming freely, with only one tadpole inoculated with J.liv. The 
control for this treatment was the same as the treatment but neither tadpole was inoculated with 
J.liv. The second treatment, tested for pseudo-environmental transmission and included two 
tadpoles in a container, separated by a plastic mesh net, with only one tadpole inoculated with 
J.liv. The mesh net served to prevent direct contact between tadpoles and to avoid horizontal 
transmission. The control for this treatment was the same as the treatment, except neither tadpole 
was inoculated with J.liv (Figure 2). In both controls one tadpole was given a provasoli bath in 
place of the J.liv bath. For this experiment, there were a total of 20 4L-tanks, each filled with 3L 
of provasoli, which is artificial pond water (Wyngaard, 1982): seven tanks per treatment (14 
tanks total for treatments) and three tanks for each control (6 tanks total for controls). The 
purpose of only using six control tanks compared to the 14 treatment tanks was that we were 
most interested in the comparison between the two treatments and the controls were primarily 
serving to assess contamination.  
I collected 40 tadpoles from George Washington National Forest and placed them into 
two separate 33L-tanks, containing 15L of provasoli each, for 12 days. During these 12 days I 
regularly fed the tadpoles with commercially available tadpole food and kept an air pump in each 
tank. The purpose of this step was to allow the tadpoles to become acclimated to their new 
environment before testing begins. This helped to keep the tadpoles alive throughout the 
experiment. 
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Figure 2. The experimental design, including both treatments and their controls. Each image 
represents a single tadpole. The plus sign indicates that tadpole was inoculated with J.liv prior to 
introduction to the tank. The dotted vertical lines represent the two mesh nettings that separate 
tadpoles in their containers. Lower text boxes show a short description of expected results.  
 
 A rifampicin resistant strain of J.liv was selected for in order to make sure when bacteria 
were plated that they were the specific strain introduced by researchers into the experiment. The 
purpose of this was to have a bacterial strain that could be distinguished for all other bacterial 
strains since all other strains are not resistant to rifampicin. A J.liv culture was plated onto a plate 
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with a rifampicin gradient and bacterial colonies that grew closest to the highest concentration of 
rifampicin were isolated and re-plated onto the same kind of plate, and this process was repeated 
until a completely rifampicin resistant strain evolved (Figure 3). This process took two cycles of 
selection on average. Plating the bacteria on a rifampicin plate and observing its growth 
confirmed the presence of a rifampicin resistant strain of J.liv. 
After the acclimation period each tadpole was swabbed back and forth five times on both 
the lateral side and on the mouth. Swabs were then plated onto rifampicin plates to ensure that no 
rifampicin resistant strains exist on the tadpoles. Also following the acclimation period, each 
tadpole was individually placed into a Ziploc bag each containing 50mL of provasoli for the 
purpose of randomization. A random number generator was used to determine where each 



















Figure 3. Schematic of the process of creating a rifampicin resistant J.liv strain. The lower 
triangle represents the side view of a plate showing the concentration gradient of rifampicin seen 
in the plates, where the left side is more rifampicin concentrated. The circle farthest left 
represents the first plating of J.liv. The red circle represents the most rifampicin resistant colony, 
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the first except the yellow dot represents the most rifampicin resistant strain that is selected for. 
Both circles represent plates from a top view. 
 
 
Twenty J.liv baths were prepared by rifampicin resistant J.liv into 1% tryptone liquid 
cultures at a concentration of 1.7X107 cells of J.liv/mL  (2.5X109 cells of J.liv/250mL of 
tryptone broth). The J.liv and tryptone broth solution were then centrifuged at 5,000RPM for 10 
minutes, followed by decanting the remaining liquid and adding of 50mL of provasoli. The 
solution above was then added to 250mL-Ziploc containers with 200mL of provasoli for a total 
volume of 250mL. Controls were constructed in the same way except provasoli was used in 
place of J.liv. One tadpole from each treatment was individually rinsed with 25mL of provasoli 
to remove any transient bacteria directly before being placed into individual J.liv baths for 24 
hours. Following the 24 hour-long baths, tadpoles were placed in their respective tanks. This was 
defined as day 1 of the experiment.  
Swabbing of the tadpoles occurred on days 3, 10, and 17, while water samples were taken 
on days 3 and 17. During swabbing, each tadpole was removed from their tanks individually, 
rinsed with 25mL of provasoli to remove transient bacteria, and then swabbed 5 times back and 
forth on both the lateral side and the mouth. Swabs were then placed into 1.5mL Eppendorf tubes 
containing 1mL of PBS solution. The bacteria from each sample were extracted by placing the 
tubes in an incubator at 25°C and 500RPM for 30 minutes. Swab extracts were then diluted by a 
factor of ten by combining 100µL of extract with 1mL of PBS solution, and then this process 
was repeated to dilute them by another factor of ten. This resulted in three dilutions per sample 
(D100, D10-1, D10-2). After observing data from the first swabbing day, it was determined that 
D10-2 would no longer be necessary for the remaining days because colony counts were too low. 
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After these dilutions, two replicates of each extract sample were plated onto 1% rifampicin plates 
with sterile 3mm glass beads to help spread the cells. After 48 hours, plates were observed and 
the number of colonies formed was counted. The water sample taken from each tank on day 3 
and day 17 was also swabbed and plated on rifampicin plates. This water sampling was done to 
test for the presence of the rifampicin resistant strain of J.liv in the water. Water samples and 
swab extracts were then stored at -20°C.  
Treatment effects were assessed with a nonparametric analysis using a Kruskal-Wallis 
test using SAS. Nonparametric analysis was used because the data were not normally distributed. 
P-values were obtained from these analyses and compared to a standard value of 0.05 to 
determine if statistically significant or not. All controls showed no contamination so they were 
combined into one overall control, with a value of zero J.liv colony forming units, for purposes 
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Results 
Treatments Compared with Controls  
 The control group had no growth of J.liv throughout the experiment, which indicated that 
no contamination was present (Table 2). The four treatment conditions (PE Un-inoculated, PE 
Inoculated, H+PE Un-inoculated, and H+PE Inoculated) each had a significantly greater number 
of J.liv CFU’s on rifampicin plates when compared to the control group at time 1, which is day 3 
of the experiment (Table 1). In Table 1, the comparison of each condition with controls had p-
values less than 0.05. During times two (day 7) and three (day 17), the H+PE treatment was no 
longer significant when compared to the control for either un-inoculated or inoculated. The PE 
treatment remained significant for both conditions when compared to the control throughout the 
experiment. P-values after time 1, for both conditions of the PE treatment, remained well below 
0.05. In contrast p-values after time 1, for both conditions for the H+PE Control treatment, 
exceeded 0.05 (Table 1).  In Figure 1, we see that the median number of CFU’s on rifampicin 
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Figure 4. Bar column graphs showing the median Colony forming units (Median CFU’s) at the different times 
for control treatments. Medians were used because the data was not normally distributed. H+PE stands for 
horizontal and pseudo-environmental, PE stands for pseudo-environmental, Time 1 represents swabbing on day 3, 
Time 2 represents swabbing on day 10, and Time 3 represents swabbing on day 17. The numbers above the bars 




 PE-0 Vs. Control PE-1 Vs. Control H+PE-0 Vs. Control H+PE-1 Vs. Control 
TIME 1 <0.0001 <0.0001 0.0002 <0.0001 
TIME 2 <0.0001 <0.0001 0.1904 0.1904 
TIME 3 0.0045 0.0002 0.1904 1.0000 
 
Table 1. An analysis showing p-values from the Kruskal-Wallis test for the two different treatment comparisons 
with controls at the three different times. The numbers indicate p-values, H+PE stands for horizontal and pseudo-
environmental, PE stands for pseudo-environmental, 0 stands for un-inoculated, and 1 stands for inoculated. Time 1 
represents swabbing on day 3, Time 2 represents swabbing on day 10, and Time 3 represents swabbing on day 17. 





Treatment Tank Tadpole Time CFU1 CFU2 
H+PE Control 18 30 1 0 0 
H+PE Control 18 8 1 0 0 
H+PE Control 19 6 1 0 0 
H+PE Control 19 32 1 0 0 
H+PE Control 20 7 1 0 0 
H+PE Control 20 29 1 0 0 
PE control 8 28 1 0 0 
PE control 8 25 1 0 0 
PE control 9 34 1 0 0 
PE control 9 11 1 0 0 
PE control 10 18 1 0 0 
PE control 10 13 1 0 0 
H+PE Control 18 30 2 0 0 
H+PE Control 18 8 2 0 0 
H+PE Control 19 6 2 0 0 
H+PE Control 19 32 2 0 0 
H+PE Control 20 7 2 0 0 
H+PE Control 20 29 2 0 0 
PE control 8 28 2 0 0 
PE control 8 25 2 0 0 
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PE control 9 34 2 0 0 
PE control 9 11 2 0 0 
PE control 10 18 2 0 0 
PE control 10 13 2 0 0 
H+PE Control 18 30 3 0 0 
H+PE Control 18 8 3 0 0 
H+PE Control 19 6 3 0 0 
H+PE Control 19 32 3 0 0 
H+PE Control 20 7 3 0 0 
H+PE Control 20 29 3 0 0 
PE control 8 28 3 0 0 
PE control 8 25 3 0 0 
PE control 9 34 3 0 0 
PE control 9 11 3 0 0 
PE control 10 18 3 0 0 
PE control 10 13 3 0 0 
Table 2. Raw data of all the control counts of Colony Forming Units (CFU) on rifampicin plates throughout the 
experiment. H+PE Control stands for horizontal and pseudo-environmental control, PE Control stands for pseudo-
environmental control. Time 1 represents swabbing on day 3, Time 2 represents swabbing on day 10, and Time 3 





Rifampicin-resistant J.liv was found in all water samples for all treatment tanks 
throughout the experiment. No J.liv was present in the water for control groups at all times 
throughout the experiment. The presence of J.liv in the water also decreased over time for all 
samples (table 3). At time 1, the number of J.liv colony forming units (CFU’s) on rifampicin 
plates from the PE water samples was relatively high and from the H+PE were relatively high 
but much lower than the PE treatment. At time 3, the number of J.liv colony forming units 
(CFU’s) on rifampicin plates from the PE water samples was relatively low and from the H+PE 
was much lower than the PE treatment. In Table 3 multiple values were reported as TNTC(too 
numerous to count) which lead to no statistical test being done and all conclusions drawn from 
generalizations from the data.  
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Sample Tank Treatment Time CFU1 CFU2 
Water sample 1 PE 1 TNTC TNTC 
Water sample 2 PE 1 TNTC TNTC 
Water sample 3 PE 1 TNTC TNTC 
Water sample 4 PE 1 TNTC TNTC 
Water sample 5 PE 1 TNTC TNTC 
Water sample 6 PE 1 360 210 
Water sample 7 PE 1 23 50 
Water sample 8 PE Control 1 0 0 
Water sample 9 PE Control 1 0 0 
Water sample 10 PE Control 1 0 0 
Water sample 11 H+PE 1 31 37 
Water sample 12 H+PE 1 87 90 
Water sample 13 H+PE 1 Small Growth 79 
Water sample 14 H+PE 1 52 45 
Water sample 15 H+PE 1 84 96 
Water sample 16 H+PE 1 94 162 
Water sample 17 H+PE 1 217 247 
Water sample 18 H+PE Control 1 0 0 
Water sample 19 H+PE Control 1 0 0 
Water sample 20 H+PE Control 1 0 0 
Water sample 1 PE 3 76 27 
Water sample 2 PE 3 4 6 
Water sample 3 PE 3 6 20 
Water sample 4 PE 3 5 8 
Water sample 5 PE 3 22 64 
Water sample 6 PE 3 8 27 
Water sample 7 PE 3 3 4 
Water sample 8 PE Control 3 0 0 
Water sample 9 PE Control 3 0 0 
Water sample 10 PE Control 3 0 0 
Water sample 11 H+PE 3 0 0 
Water sample 12 H+PE 3 0 3 
Water sample 13 H+PE 3 3 1 
Water sample 14 H+PE 3 1 1 
Water sample 15 H+PE 3 0 1 
Water sample 16 H+PE 3 3 2 
Water sample 17 H+PE 3 2 0 
Water sample 18 H+PE Control 3 0 0 
Water sample 19 H+PE Control 3 0 0 
Water sample 20 H+PE Control 3 0 0 
Table 3. Colony Forming Units (CFU) on rifampicin plates throughout the experiment for water samples taken from 
the tanks indicated. In some cases the colonies formed were too numerous to count and were therefore recorded as 
TNTC. In one case, there was colony growth but no distinct colonies were seen. This case was therefore recorded as 
Small Growth. H+PE stands for horizontal and pseudo-environmental, PE stands for pseudo-environmental, Time 1 
represents swabbing on day 3, Time 2 represents swabbing on day 10, and Time 3 represents swabbing on day 17. 
CFU1 and CFU2 represent the two different replicates of bacteria plate counts. 
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Comparisons within a Treatment Type 
Conditions (un-inoculated or inoculated) within each treatment (H+PE or PE) were 
compared to each other to determine the amount of J.liv transmission between tadpoles within a 
single container. The proportion of un-inoculated tadpoles that became inoculated will be 
presented as a percentage and referred to as the rate of transmission. For H+PE treatment at time 
1, 85.71% of the un-inoculated tadpoles became inoculated. For H+PE treatment at time 2, 
14.29% of the un-inoculated tadpoles became inoculated. For H+PE treatment at time 3, 14.29% 
of the un-inoculated tadpoles became inoculated. For PE treatment at time 1, 100% of the un-
inoculated tadpoles became inoculated. For PE treatment at time 2, 100% of the un-inoculated 
tadpoles became inoculated. For PE treatment at time 3, 57.14% of the un-inoculated tadpoles 
became inoculated (Table 4). 
 
A) PE Treatment 
The two conditions of the PE treatment were not significantly different from each other, 
at all times, when comparing the number of colonies of J.liv (Table 4).  At the beginning of the 
experiment (time1), both the inoculated and un-inoculated tadpoles had very high counts of J.liv 
colonies. At the end of the experiment (time3), both the inoculated and un-inoculated tadpoles 
had fairly low counts of J.liv colonies (Figure 6), but the numbers did not significantly differ 
between the two conditions (Figure 5). Therefore, it was determined that J.liv was successfully 
transmitted from the inoculated tadpole to the un-inoculated tadpole, because of no significance 
between the inoculated and un-inoculated tadpoles at time1 (Figure 5). The tadpoles, in both 
conditions, retained J.liv relatively well throughout the experiment (Table 5).  
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B) H+PE Treatment 
The two conditions of the H+PE treatment were found to be significantly different from 
each other, with the inoculated condition having a higher number of CFU’s, at time one but not 
significantly different at times two and three when comparing the number of colonies of J.liv 
(Table 1).  At the beginning of the experiment (time1), both the inoculated and un-inoculated 
tadpoles had relatively low counts of J.liv colonies (Figure 6). At the end of the experiment 
(time3), both the inoculated and un-inoculated tadpoles had very low counts (essentially zero) of 
J.liv colonies (Figure 6) and the numbers did not significantly differ between conditions (Figure 
5). It was determined that J.liv was successfully transmitted from the inoculated tadpole to the 
un-inoculated tadpole because of the presence of J.liv CFU’s at time 1 on the un-inoculate 
tadpoles (Figure 6). However, the transmission was not very successful because there was a 
significant difference between inoculated and un-inoculated tadpoles at time1 (Figure 5). The 




 PE-0 Vs. PE-1 H+PE-0 Vs. H+PE-1 
TIME 1 0.3367 0.0476 
TIME 2 0.1797 0.9165 
TIME 3 0.4728 0.3173 
 
Table 4. An analysis showing p-values, from Kruskal-Wallis test ,for the different treatment comparisons with each 
other at the three different times. The numbers indicate p-values, H+PE stands for horizontal and pseudo-
environmental, PE stands for pseudo-environmental, 0 stands for un-inoculated, and 1 stands for inoculated. Time 1 
represents swabbing on day 3, Time 2 represents swabbing on day 10, and Time 3 represents swabbing on day 17. 
Green numbers indicate they are not significant while red numbers indicate they are significant. For p-values below 










Figure 5. P-values of statistical comparisons of CFU’s of different treatments (PE or H+PE) with the control and of 
different conditions (un-inoculated or inoculated) within a treatment type. The vertical line represents a p-value of 
0.05, which is the threshold for significance. Anything to the left this line was found to be significantly different 
while anything to the right was not statistically significant. The three different time intervals are indicated with the 
different bars according to the key above. H+PE stands for horizontal and pseudo-environmental, PE stands for 
pseudo-environmental, Inoculation value of 0 indicates un-inoculated tadpole at the start of experiment and 
Inoculation value of 1 indicates inoculated tadpole at the start of experiment. Time 1 represents swabbing on day 3, 








Treatment Tank Tadpole Inoculation Time CFU1 CFU2 Average CFU 
H+PE 11 14 1 1 11 14 12.5 
H+PE 11 1 0 1 1 0 0.5 
H+PE 12 12 1 1 11 10 10.5 
H+PE 12 33 0 1 17 18 17.5 
H+PE 13 26 1 1 19 370 194.5 
H+PE 13 27 0 1 0 0 0 
H+PE 14 19 1 1 37 33 35 
H+PE 14 38 0 1 9 4 6.5 
H+PE 15 37 1 1 12 25 18.5 
H+PE 15 15 0 1 7 10 8.5 
H+PE 16 23 1 1 52 39 45.5 
H+PE 16 5 0 1 19 20 19.5 
H+PE 17 24 1 1 3 6 4.5 
0	   0.2	   0.4	   0.6	   0.8	   1	  
PE-­‐0	  Vs.	  PE-­‐1	  
H+PE-­‐0	  Vs.	  H+PE-­‐1	  
PE-­‐0	  Vs.	  Control	  
PE-­‐1	  Vs.	  Control	  
H+PE-­‐0	  Vs.	  Control	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H+PE 17 39 0 1 3 2 2.5 
PE 1 20 1 1 1160 672 916 
PE 1 4 0 1 108 151 129.5 
PE 2 17 1 1 221 61 141 
PE 2 36 0 1 115 86 100.5 
PE 3 40 1 1 286 190 238 
PE 3 31 0 1 240 215 227.5 
PE 4 10 1 1 110 31 70.5 
PE 4 16 0 1 16 4 10 
PE 5 21 1 1 176 175 175.5 
PE 5 9 0 1 107 44 75.5 
PE 6 35 1 1 2 5 3.5 
PE 6 22 0 1 4 5 4.5 
PE 7 2 1 1 0 0 0 
PE 7 3 0 1 1 0 0.5 
H+PE 11 14 1 2 0 0 0 
H+PE 11 1 0 2 0 0 0 
H+PE 12 12 1 2 0 0 0 
H+PE 12 33 0 2 0 0 0 
H+PE 13 26 1 2 0 1 0.5 
H+PE 13 27 0 2 2 1 1.5 
H+PE 14 19 1 2 0 0 0 
H+PE 14 38 0 2 0 0 0 
H+PE 15 37 1 2 0 0 0 
H+PE 15 15 0 2 0 0 0 
H+PE 16 23 1 2 0 0 0 
H+PE 16 5 0 2 0 0 0 
H+PE 17 24 1 2 0 0 0 
H+PE 17 39 0 2 0 0 0 
PE 1 20 1 2 114 73 93.5 
PE 1 4 0 2 179 206 192.5 
PE 2 17 1 2 58 53 55.5 
PE 2 36 0 2 17 42 29.5 
PE 3 40 1 2 27 41 34 
PE 3 31 0 2 24 10 17 
PE 4 10 1 2 52 41 46.5 
PE 4 16 0 2 0 1 0.5 
PE 5 21 1 2 2310 1940 2125 
PE 5 9 0 2 36 30 33 
PE 6 35 1 2 3 2 2.5 
PE 6 22 0 2 82 76 79 
PE 7 2 1 2 156 144 150 
PE 7 3 0 2 7 17 12 
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H+PE 11 14 1 3 0 0 0 
H+PE 11 1 0 3 0 0 0 
H+PE 12 12 1 3 0 0 0 
H+PE 12 33 0 3 1 0 0.5 
H+PE 13 26 1 3 0 0 0 
H+PE 13 27 0 3 0 0 0 
H+PE 14 19 1 3 0 0 0 
H+PE 14 38 0 3 0 0 0 
H+PE 15 37 1 3 0 0 0 
H+PE 15 15 0 3 0 0 0 
H+PE 16 23 1 3 0 0 0 
H+PE 16 5 0 3 0 0 0 
H+PE 17 24 1 3 0 0 0 
H+PE 17 39 0 3 0 0 0 
PE 1 20 1 3 0 1 0.5 
PE 1 4 0 3 0 0 0 
PE 2 17 1 3 1 2 1.5 
PE 2 36 0 3 3 1 2 
PE 3 40 1 3 2 2 2 
PE 3 31 0 3 0 0 0 
PE 4 10 1 3 1 2 1.5 
PE 4 16 0 3 3 0 1.5 
PE 5 21 1 3 8 10 9 
PE 5 9 0 3 1 0 0.5 
PE 6 35 1 3 0 1 0.5 
PE 6 22 0 3 6 1 3.5 
PE 7 2 1 3 0 0 0 
PE 7 3 0 3 0 0 0 
Table 5. Median Colony forming units (Median CFU’s) on rifampicin plates throughout the experiment for both 
treatment types (PE or H+PE) and conditions (un-inoculated or inoculated) at all times. H+PE stands for horizontal 
and pseudo-environmental, PE stands for pseudo-environmental, Time 1 represents swabbing on day 3, Time 2 
represents swabbing on day 10, and Time 3 represents swabbing on day 17. CFU1 and CFU2 represent the two 
different replicates of bacteria plate counts. Average CFU represents the average Colony forming units counted of 
the two replicates. Inoculation value of 0 indicates un-inoculated tadpole at the start of experiment and Inoculation 

























Figure 6. Bar column graphs showing the average Colony forming units (Average CFU’s) at the different times for 
each treatment condition. The top graph shows the H+PE treatment and the bottom depicts the PE treatment. H+PE 
stands for horizontal and pseudo-environmental, PE stands for pseudo-environmental, Time 1 represents swabbing 
on day 3, Time 2 represents swabbing on day 10, and Time 3 represents swabbing on day 17. An asterisk on the time 
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Comparisons Between Treatments 
The two treatment types showed different transmission and retention patterns of J.liv 
between tadpoles. It was found that the H+PE treatment did not experience good transmission or 
good initial J.liv retention. It was also found that the retention of the bacteria throughout this 
treatment was very poor and immediately began to decrease from the start of the experiment 
(Figure 5). It was found that the PE treatment had very good J.liv retention from the inoculation 
baths along with good transmission from inoculated to un-inoculated tadpole. The tadpoles were 
able to retain medium to low counts of J.liv by the end of experiment for this treatment, in 
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Discussion 
This experiment was conducted to determine the success of transmission of a probiotic 
that inhibits Bd, known as J.liv, between tadpoles. It was found that transmission was possible, 
but was more effective when the tadpoles were not allowed to have direct contact with each other 
(pseudo-environmental) than when they were allowed to swim freely, contacting each other 
regularly (pseudo-environmental + horizontal). My hypothesis that pseudo-environmental and 
horizontal transmission will occur in tadpoles was supported by the results of the experiment.  
The controls in this experiment were not found to have any contamination of J.liv 
throughout the experiment. This was very important because it allowed for a standard to compare 
all treatment types to. Therefore, in any case where there was a significant difference between a 
treatment type and a control, it was concluded that J.liv was present on the tadpoles skin. This 
situation was observed when comparing the PE treatment to controls at all times and when 
comparing H+PE treatments with controls only at time 1. It was noted that the PE condition was 
no longer significantly different from the control at times two and three. This means that as the 
experiment went on the tadpoles in this treatment (PE) did not retain J.liv on their skin well and 
therefore were said to not significantly transmit and retain the probiotic throughout the 
experiment. Possible explanations for this will be discussed below.  
Water samples were tested to determine the presence of J.liv in the water. Presence of 
J.liv in the water was used to suggest a mechanism of Pseudo-environmental transmission. 
Further analysis of water samples, past just determining presence or lack of presence of J.liv, was 
not done but would be a good subject of future research.  One example of an analysis that would 
have been useful was a DNA extraction and sequencing of water samples to determine the 
microbial community present in them. This would be helpful in determining conclusions about 
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how J.liv was reacting due to other microbes it resides with in the water. It was also seen that 
J.liv in the water drastically decreased over time, which shows that there is a potential issue with 
introducing J.liv into the natural environment because it is likely it will not remain in the 
environment over time.  However, this drop in number could also be an advantage since it means 
that the probiotic will not persist in the environment longer than is necessary to inoculate the 
tadpoles. Conducting a similar experiment but expanding the time period to a much longer 
period of time to see if any J.liv still remains would be a logical next step. This is important 
because it would determine how long J.liv stays in the water, which has many effects on how 
useful this technique can be. Ideally J.liv will remain in the water sample for a long enough 
period of time to inoculate all tadpole species in a single habitat, and it will be completely 
depleted from the water sample at some point so it does not start to cause adverse effects on the 
natural habitat.  
To determine how successful transmission was from the inoculated tadpole to the un-
inoculated tadpole, J.liv colony counts of the two tadpoles within a single container were 
statistically compared with each other, and all data points were pooled together. It was found that 
in all cases except one transmission was successful. The exception was at time 1 for the H+PE 
treatment, when the two conditions (inoculated and un-inoculated) were significantly different 
from each other, which shows that transmission between the tadpoles was not very successful in 
this one case. Since the tadpoles in both treatments for this case had low numbers of median 
CFU’s, it suggest that initial colonization of the inoculated tadpole was low. It was also found 
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From the information above it can be concluded that, in both treatments, the tadpoles 
given the J.liv bath were able to retain J.liv on their skin immediately after the inoculation bath. 
It was also found that the tadpoles in the PE treatment had a better overall amount of J.liv 
retention in the tanks and overall amount of J.liv transmission from one tadpole to another. 
Therefore, it was determined that the PE treatment had more transmission and retention than the 
H+PE treatment.  
There are many possible explanations for this conclusion. One possible reason, is that the 
contact between tadpoles in the H+PE treatment caused the tadpoles to have an increased stress 
level which in turn lead to disrupted chemical levels within the organism that could have some 
effect on their skin microbial community (Carey, 1999). Further research and knowledge on this 
possible theory is recommended. One possible way to test this would be to use a very similar 
experimental design as this one and to include the DNA extraction and sequencing of water 
samples to determine the microbial community. Assays for specific stress hormones would also 
be very helpful in analyzing this data while researchers would be comparing the microbe 
communities in the water and on the tadpoles for the two different treatment types (Stress and No 
Stress). Researchers would primarily be looking to see differences in the microbes being released 
for the two treatment types and be able to visit the literature to determine if any of these changes 
would be related to stress. Another possible explanation for the conclusion found is that the 
direct contact between tadpoles in the H+PE treatment simply increased friction between them, 
which caused the microbes to more readily shed off the skin of the tadpoles. One problem with 
this hypothesis is that the J.liv count in the water for this treatment was also very low and if the 
bacteria were simply being shed off it would make sense that they would be residing in the water 
supply. It is also possible that the net (PE treatment) served as a reservoir for the bacteria to grow 
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on, which could have helped to keep bacteria present in the environment throughout the 
experiment. One way future researchers could test for this would be to either swab the net 
throughout the experiment or to have an H+PE treatment in which a net exist but both tadpoles 
are placed on the same side of the net. 
Further research on this topic needs to be done. Some recommended projects include 
repeating this experiment with a larger sample size and for a longer period of time. This would 
be helpful in progressing the experiment to a setting very similar to the natural environment. The 
larger sample size is very important because it will increase the amount of statistics to use which 
leads to more precise data analysis. The longer period of time is important because in a real 
habitat setting there is no end of the experiment, the introduced probiotic will continue to effect 
the habitat until it is completely depleted. For this reason, it is useful to learn how long this 
probiotic will stay in the water when using this technique. It is also necessary to determine what 
possible alternative effects this probiotic has on the environment over the course of its presence 
there. A very promising result from these future suggested experiments would be that the rate of 
transmission and retention of J.liv was high and median CFU counts were high over an optimal 
amount of time to allow for J.liv to adversely affect Bd but not adversely affect any other parts of 
the habitat. If these results were to be obtained then another experiment would be to replicate 
these same experiments in more natural conditions. Such experiments would involve testing 
tadpoles in a very small isolated natural habitat and determining all the same information to see 
if the results stayed consistent in this new environment. Lastly, if these results also proved to be 
promising, it would be helpful to conduct a similar experiment to the one used here on a different 
amphibian species to determine if similar results are obtained. If these results were consistent 
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with the results from this experiment then researches should follow the same path of progression 
towards testing in a small natural habitat as stated above for the tadpole species.  
In conclusion it was found that transmission of probiotic bacteria between tadpoles is 
possible but further research is needed to determine how effective this method could be in 
natural environments and for extended periods of time. If this method is found to be a safe and 
effective way to introduce J.liv into a natural habitat then it is possible that the massive decline 
of amphibians worldwide due to Bd could be put to an end. It is crucial that we all recall this 
massive decline in amphibian species currently going on worldwide and remember how 
important it is that we find a way to effectively transmit this probiotic throughout the amphibian 
community to end it (Fisher, 2009, Olsen, 2013). It is also worth mentioning that this method 
described has very high potential because it is a cost effective, feasible way of introducing this 
probiotic to all the amphibian species in need versus giving each amphibian in need an individual 
bath. For this reason and all the others mentioned above, it is of major importance that we 
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